represent two novel species of the genus Butyricimonas, for which the names Butyricimonas faecihominis sp. nov. and Butyricimonas paravirosa sp. nov., respectively, are proposed. Metagenomic sequencing has revealed that a large number of bacterial species reside in the human gut (Eckburg et al., 2005; Qin et al., 2010) . Qin et al. (2010) reported that 124 European individuals harboured between 1000 and 1150 prevalent bacterial species and each individual at least 160 such species. Of the bacterial genes detected, the majority could not be aligned to human gut bacterial genomes available in publicly accessible sources and bacterial genomes deposited in GenBank (Qin et al., 2010) . This report indicates that a large variety of novel bacteria still inhabit the human gut. In the process of the development of a new method for isolating novel co-cultured bacteria from human faeces, we isolated two bacterial strains, designated 180-3 T and 214-4 T , that appeared to be phenotypically and phylogenetically related to species of the genus Butyricimonas. The present study was designed to determine the taxonomic status of these novel strains. Based on the results presented here, we propose that these strains should be classified as representing novel species of the genus Butyricimonas. The strains used in the present study were grown on Eggerth Gagnon (EG) agar (Merck) supplemented with 5 % (v/v) horse blood for 2-4 days at 37 u C under an atmosphere of 100 % CO 2 . Strains 180-3 T and 214-4 T were isolated from human faeces. Butyricimonas synergistica JCM 15148
T and Butyricimonas virosa JCM 15149 T were used as reference strains. The isolates were incubated at different temperatures (25-40 u C) to examine bacterial growth. Strains 180-3
T and 214-4 T grew at temperatures from 25 to 40 u C with optimum growth at 37 u C. Cells from cultures grown on EG agar for 48 h at 37 u C under anaerobic conditions were tested for Gram staining. No spore formation was observed under a phase-contrast microscope (Nikon). Cells of strains 180-3
T and 214-4 T were obligately anaerobic, non-pigmented, non-motile, Gramstain-negative and rod-shaped. Cells on EG agar were 1.061.5 mm in size and occurred singly. Colonies on EG agar plates after 48 h of incubation at 37 u C under anaerobic conditions were 0.5-1 mm in diameter, opalescent to yellowish, circular, entire, slightly convex and smooth. Strains 180-3
T and 214-4 T were negative for motility when stab-inoculated into a tube containing semisolid Gifu anaerobic medium (GAM; Nissui) agar (0.5 %) and incubated at 37 u C for 72 h (McClung & Lindberg, 1957) . The ability to tolerate bile was tested on Bacteroides bile aesculin agar (Shah, 1992) . On Bacteroides bile aesculin agar, growth of the isolates was inhibited in the presence of 2 % (w/v) Bacto-Oxgall (Difco), which is equivalent to 20 % (w/v) bile for testing bile resistance. Aesculin hydrolysis was negative.
The results of phenotypic and biochemical characterizations are given in the species description. Characterizations of the novel strains and related species were carried out under the same conditions. Physiological and biochemical reactions were determined in duplicate by using the API 20A anaerobe test kit (bioMérieux) and the Rapid ID 32A anaerobe identification kit (bioMérieux), respectively, according to the manufacturer's instructions. In the API 20A tests, strain 180-3 T could be differentiated from B. synergistica JCM 15148
T by its ability to ferment lactose and glycerol, inability to liquefy gelatin and the presence of catalase activity and from B. virosa JCM 15149
T by its ability to ferment lactose and D-mannose. The fermentation pattern of strain T was similar to that of strain 180-3 T ; only its inability to ferment D-mannose was different from strain 180-3 T . In the API Rapid ID 32A tests, strain 180-3 T could be differentiated from B. synergistica JCM 15148
T by its activity for b-galactosidase and lack of activity for a-galactosidase and from B. virosa JCM 15149 T by its pyroglutamic acid arylamidase and a-fucosidase activities and mannose fermentation. The enzymic pattern of strain T was similar to that of strain 180-3 T ; only mannose fermentation was different from strain 180-3 T . The metabolic end products were prepared as described by Holdeman et al. (1977) and analysed as described by Sakamoto et al. (2005) . Strains 180-3
T and 214-4 T produced butyric and isobutyric acids as the end products from glucose as in B. synergistica JCM 15148
T and B. virosa
JCM 15149
T . In addition, these four strains produced acetic, isovaleric, propionic and succinic acids.
Fatty acid methyl esters were obtained, from about 40 mg of wet cells grown on EG agar at 37 u C for 48 h, by saponification, methylation and extraction, using minor modifications (Kuykendall et al., 1988) of the method of Miller (1982) . Cellular fatty acid profiles were determined by following version 2.99B of the Sherlock Microbial Identification System (MIDI) and using version 3.80 of the BHIBLA database. The major cellular fatty acid of strains 180-3
T and 214-4 T was iso-C 15 : 0 (Table 1) . This result is in agreement with the description of the genus Butyricimonas (Sakamoto et al., 2009) . Strains 180-3
T and 214-4 T showed high levels of iso-C 15 : 0 (65 and 58 %, respectively) similar to B. synergistica JCM 15148 T (62 %) and B. virosa JCM 15149 T (69 %). The ratios of iso-C 15 : 0 to anteiso-C 15 : 0 of strains 180-3
T and 214-4 T were also high (36.1 and 34.3, respectively). This feature accords with results for the other two species of the genus Butyricimonas. These findings indicate that the new isolates are members of the genus Butyricimonas.
Isoprenoid quinones were extracted as described by Komagata & Suzuki (1987) and analysed by HPLC on a 4.66150 mm Cosmosil 5C 18 column (Nacalai Tesque). The elution solvent was methanol/2-propanol (2 : 1, v/v). The major menaquinone of strains 180-3
T and 214-4 T was MK-10 (66 and 67 %, respectively). Minor amounts of MK-8 (24 and 18 %, respectively), MK-9 (6 and 12 %, respectively) and MK-11 (4 and 3 %, respectively) were also detected. The menaquinone compositions of these two isolates were similar to those reported previously for species of the genus Butyricimonas (Sakamoto et al., 2009 ).
The 16S rRNA gene was analysed as described previously (Sakamoto et al., 2002) . Approximately 1500 bases of the 16S rRNA gene sequence were determined for strains 180-3 T and 214-4 T . The partial hsp60 gene (558 bp) was also analysed as described previously (Sakamoto & Ohkuma, 2010; . Related sequences were aligned with the CLUSTAL_X 2.0.12 program (Larkin et al., 2007) and corrected by manual inspection. Nucleotide substitution rates (K nuc values) were calculated (Kimura, 1980) after gaps and unknown bases were eliminated. The phylogenetic tree was reconstructed by the neighbourjoining method (Saitou & Nei, 1987) . Bootstrap resampling analysis (Felsenstein, 1985) was performed to estimate the confidence of tree topologies. Strain 180-3 T was related most closely to the uncultured bacterium clone SJTU_E_ 13_12 detected from human faeces (Li et al., 2008) with 99 % 16S rRNA gene sequence similarity (Fig. 1) . On the other hand, strain 214-4 T was related most closely to uncultured bacterium clone SJTU_B_11_81 detected from human faeces (Li et al., 2008) T (100 %). Although the hsp60 gene has been found to be a useful phylogenetic marker (Sakamoto & Ohkuma, 2010 , 2011 , strain 214-4 T could not be differentiated from B. virosa JCM 15149
T by using the hsp60 gene. Similarly, it has been reported that hsp60 gene sequence analysis might be insufficient to differentiate between Porphyromonas gingivalis and Porphyromonas gulae (Sakamoto & Ohkuma, 2010) .
Chromosomal DNA was extracted using a Genomic-tip 100/G kit (Qiagen). The DNA base composition was determined by the HPLC method of Tamaoka & Komagata (1984) , with a mixture of 0. (Sakamoto et al., 2009) . The DNA-DNA hybridization experiment was carried out in microplate wells, as described by Ezaki et al. (1989) . Four strains were used to generate the labelled probes for DNA-DNA hybridization. Table 2 .
On the basis of the above-mentioned findings, strains 180-3 T and 214-4 T represent two novel species of the genus Butyricimonas, for which the names Butyricimonas faecihominis sp. nov. and Butyricimonas paravirosa sp. nov. are proposed, respectively.
Emended description of the genus Butyricimonas Sakamoto et al. 2009
The description is as given by Sakamoto et al. (2009) with the following modification. The major end products are butyric, isobutyric and isovaleric acids. Acetic, propionic and succinic acids are also produced.
Emended description of Butyricimonas synergistica Sakamoto et al. 2009
The description is as given by Sakamoto et al. (2009) with the following modification. The major end products are butyric, isobutyric and isovaleric acids. Acetic, propionic and succinic acids are also produced. The DNA G+C content of the type strain is 44.8-46.4 mol%.
Emended description of Butyricimonas virosa Sakamoto et al. 2009
The description is as given by Sakamoto et al. (2009) with the following modification. The major end products are butyric, isobutyric and isovaleric acids. Acetic, propionic and succinic acids are also produced. The DNA G+C content of the type strain is 44.6-46.5 mol%.
Description of Butyricimonas faecihominis sp. nov.
Butyricimonas faecihominis (fae.ci.ho9mi.nis. L. n. faex faecis the dregs, faeces; L. gen. n. hominis of a human being; N.L. gen. n. faecihominis of human faeces).
Cells are obligately anaerobic, non-pigmented, non-sporeforming, non-motile, Gram-stain-negative rods (1.061.5 mm). Butyricimonas paravirosa (pa.ra.vi.ro9sa. Gr. prep. para resembling; L. fem. adj. virosa fetid, stinking; N.L. gen. n. paravirosa resembling Butyricimonas virosa).
Cells are obligately anaerobic, non-pigmented, non-sporeforming, non-motile, Gram-stain-negative rods (1.06 1.5 mm). Colonies on EG agar plates, after 48 h of incubation at 37 u C under anaerobic conditions, are 0.5-1 mm in diameter, opalescent to yellowish, circular, entire, slightly convex and smooth. Growth is inhibited in the presence of 20 % (w/v) bile. Aesculin is not hydrolysed. Indole is produced. Nitrate is not reduced. Gelatin is not digested. Urease is not produced. Catalase is produced. Acid is produced from glucose, glycerol and lactose, but not from L-arabinose, cellobiose, maltose, D-mannitol, Dmannose, melezitose, raffinose, L-rhamnose, salicin, Dsorbitol, sucrose, trehalose or D-xylose. Positive reactions are obtained using Rapid ID 32A for b-galactosidase, Nacetyl-b-glucosaminidase, glutamic acid decarboxylase, afucosidase, indole, alkaline phosphatase and leucyl glycine, pyroglutamic acid, alanine and glutamyl glutamic acid arylamidases. All the other tests are negative. Major end products are butyric, isobutyric and isovaleric acids. Acetic, propionic and succinic acids are also produced. The major cellular fatty acid is iso-C 15 : 0 . The predominant respiratory quinone is menaquinone MK-10. Minor menaquinones are MK-8, MK-9 and MK-11.
The type strain, 214-4 T (5JCM 18677 T 5CCUG 65563 T ), was isolated from human faeces. The DNA G+C content of the type strain is 44.9 mol%.
